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Abstract

'ﬂ" Coal, ash, and limestone samples from s fluidived bed cornbustion (FRC) plant, 3 pulverized coal combustion (PC) plaat, and a cyclons
(CYC) plant in Olinois were analyzrd to detexmine the combustion behavior of mineral matter, and to propose beneficial uses for the power
plact ashes. Pyrite and marcasitc in coal were converted duriag combustion to glass, hamatite and magnetite, Calcite was converted to lime
apd aphydrite. The clay minerals were altered to mullite and glass, Quartz wag partially altered to glass, Trace clexnents in coal were partially
mobilized during combastion and, as » result, emitted into the atmosphiere or adzorbed on fly ash or on hardware aa the coql side of the power
plants. Ovezall, the mobilities of 15 wace elements investigated were lower at the FBC plant than at the other plans. Only F and Mn at the
FBC plant, F, Hg, and Se at the PC plunt and Be, F, Hg, and Se at the CYC plant had aver 50% of their coneentrations mobilized. Se and Ge
could be commercially recovered frpm sqme of the combustion ashes. The FBC aches could be used as acid neutralizing agents in agricaltuze
v mdmumndbmdmuﬂm&nhm,mmmnbmmandcmm The PC and CYC fly ashes can potentially
bo used in the production of cement, cancrete, ceramics, apd zeolites. The PC and CYC bottom ashes could be used in stabilized road bascs,

»n

as frirg ip roof shingles, and perbaps in manufacturing amber giass, © 2001 Elsevier Science Lud. All rights rescrved.
Reywandr: Cual combustion residucs; Combustion at power plants; lineis coals; Mincrl mater

1, Introduction

Inorganic matter in coal is comverted to coal com-
bustion residues (CCRs) at coal-ficed power plants.
Virtually every economical use of coal depends in part on
the amount and variety of its inorganic marter. Inorganic
marter io coal can be-the source of deleterions pollutants
and corrotive elements, but it can also be a source of usefal
by-praducts.

Sixteen elements in coal (As, Be, Cd, Cl, Co, Cr, F,
Hg,Mn,Nx,PPb Sb, Se, Th, U) arc among the 189
bazardous air pollutants (HAPs) mentioned in the 1990
Clean Air Act Amendments (CAAA) [1]. Partitioning of
these and other elements among the CCRs and flue gas
is highly variable [2-5] because of the variarions in the
typts and operational cooditions of combustion units,

" the characteristics of coal, and the modes of occwreaces

of the clements in the coal. Difficultics in obtaining
representative samples, as well as analytical errors,
contribute to the variebility of data on the retention or
emissiop of potentially toxic elements from the power

% Comresponding suthor: Tel.: +1.217-244-0836; fax: +1-217-333-2830.
E-mail gddress: denzir@®ixgs niuc.edu (1. Demir).

plants. The HAPs provisions of the CAAA presenty
focnsmmunimpﬂinumhonnndpmehmﬂalmd

only Hg minion from’ eml-ﬁ:ed electrical uuhues
requires further jpyestigation [6]. A final regulation on
Hg emission is expected by the ead of 2004,

US utilities annually generate 107 million tons of CCRs,
59% of which is fly ash (Fig. 1). Beneficial uses of OCRs
include soil and mine waste weatments, admixtmes
cament and concrete, making hricks and other ceramic
products, fill materials in civil engineering projects, and
extraction of valuable materials [8-17]. However, only
about 31% of all the CCR generated in the US is used
comumercially (Fig. 1); the remainder is discarded in land-
fills.or in coal mines.

This study cvaluated chemicpl, mineralogical, and
microscopic charaoteristics of feed coals and CCRs
frora three types of electrical power plants in llinois
to determine (1) the combustion behavior of minerals,
(2) the fate of 15 ejements (As, Be, Cd, Co, Cr, F, Hg,
Mn, Ni, Pb, P, Sb, Se, Tb, apd U) of environmental concemn,
and (3) the potential economic value of the CCRs from the
power plants,
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Table 4 .
Concontrations of 15 HAPs, Ge, Zn, and Ti in earth’s crust, shales, solls, and CCRs, and the carichments fectors for the same elemeats in the CCRs
As . Ba cd Co Cr F Hg Mn N P Pb 8b ge Th u (<[ Zn Ti

Concentrations (mg/kg)” )

Crusial average L 3 02 25 100 54 008 950 75 1000 13 02 0.05 72 1.8 15 N 4400
Shale average 13 3 03 19 ) 800 0.18 830 68 700 25 15 05 12 37 20 1w 4600
Soil average 7 09 0.6 9 55 k(] 0.10 550 . 20 500 19 0.7 04 9 2.7 10 76 3000
FBC — fly ash s.4 6 15 s s 53 028 £20 66 567 141 13 14.4 6 11 13 193 158D
— botvom ash 4 03 0.6 41 k1] 43 0.0l 310 4 480 . 48 L¥ ] 0S- L9 4.0 4 k] 660
PC — iy ash M 9 49 20 175 67 0.10 468 n 524 49 19 74 126 168 14 306 5460
— bowom ath 3 9 05 2 136 5 0008 468 85 262 10 22 22 10.4 125 20 133 3900
CYC —fly azh 51 14 115 U212 1 2% 0.7 k) v} m 142 39.7 13.6 433 14.6 27 200 962 6114
~ bottomn ash 12 55 048 202 112 15 0.02 342 70 SM4 27 1.1 21 113 113 9 97 4016
Enrickment faciors® '

FBC fiy ash with xespect .

1o crast 6.1 20 13 . 0.5 08 o1 31 07 08 06 L1 65 288 (3] 319 27 2.8 05
to shale 0.5 20 83 0.6 08 0.1 14 017 1.0 03 06 0.9 29 0.5 19 6.5 L& 04
o soil 09 61 42 14 14 02 25 b 4 33 | B 0.7 19 3% 0.6 16 13 2.8 0.7
FBC bottam ash with respect -

to crust 40 0.2 3.0 02 04 [+ 1% X | 03 02 05 04 40 10 0.3 2.2 27 1.0 02
to shale . 03 02 20 0.2 04 01 Ot 0.4 02 0.7 0.2 0.5 1.0 02 L. 20 06 [1¥]
1o soll 06 06 10 05 0.6 02 ot 0.6 07 1.0 03 L1 1.3 02 LS 4.0 1.0 02
PC fly ash with respect
to crust k3 30 25 08 18 ol 13 0.5 10 0.5 38 40 148 1.8 93 76 44 12
to thaje 6 n is 11 19 ol 06 0.6 1.1 0.7 20 53 5 1.1 45 57 26 12 -
to soil 49 10 82 22 32 02 1.0 0.9 39 Lo 26 1 19 14 62 114 44 i8 .
PC boitom ash with sespect ) . ‘
to crust 3.0 30 2.5 09 14 00 01 05 11 03 03 1n L7 ) 14 69 13 19 © .09 -
o shale 02 30 1.7 12 15 00 00 0.6 13 0.4 04 .15 44 0.9 34 10 1.1 08-
to sofl 04 10 08 24 25 . 00 04 09 43 05 0s 3l 55 1.2 46 2% 19 13
CYC fly ash with respect )

to crust 5 47 S8 10 23 04 o1 0a 23 07 69 €8 866 20 12 138 14 T 14
to shale 39 47 2B 13 25 03 Al 04 25 1.1 36 0.1 87 12 58 100 8.0 13
10 30il 72 16 19 27 4.1 08 73 0.6 87 15 41 19 108 L6 80 0 7] 290
CYC Yottom ash with zeapeci .

lo crust . 12 18 4 08 1.1 00 03 0.6 0.9 0.s 02 5.5 42 1.6 6.2 6.0 14 09
1o shale 0.1 18 L6 | B 12 00 O 04 1.0 0.7 0.1 01 42 09 - 30 45 0.8 -0.9
to sail 02 6.1 08 22 20 81 02 10 35 10 0.1 1.6 53 13 4.1 9.0 14 13

* Tho veluos for Bartlt's coast, shale, and solls were complled from Sweine [2], Clarke and Sloss [3], Drover (44], Gluskoter ot al. (45], and Krauskopf {46].
' Barichrmeat factors of groaler than 10 are showp io bold.
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